Human macrophages produce vascular endothelial growth factor A (VEGFA) for angiogenesis in diabetic retinopathy (DR). The regulatory function of IL-27 on human macrophages is not well understood. In particular, the effect of IL-27 on VEGFA response in human macrophages has not been investigated. We find that IL-27 suppresses VEGFA mRNA expression as well as protein secretion by human macrophages. The synergistic action of purinergic signaling and activation of hypoxia-inducible factor 1 alpha (HIF-1α) induces VEGFA production in a positive feedback loop. IL-27 signaling in human macrophages disrupts this positive feedback loop thus suppresses VEGFA production. Blockade of IL-27 signaling with a JAK2 antagonist reverses this downregulatory effect on HIF-1α and partially blocks the inhibitory effect on VEGFA production. Lastly, DR patient macrophages have a higher propensity to produce VEGFA and this is amplified by an in vitro challenge with the pro-inflammatory cytokine IL-1β. IL-27 suppresses VEGFA production by DR patient macrophages even in the presence of IL-1β challenge indicating a potential therapeutic use of IL-27 in the clinic.
Introduction
IL-27 was first described by S. Pflanz and colleagues in 2002 as specifically augmenting the production of interferon-γ (IFN-γ) from Th1 cells [1] . As Th1 cells contribute to the pathogenesis of a number of inflammatory diseases, IL-27 was initially viewed as a cytokine with pro-inflammatory activity. However, accumulating evidence has challenged this initial view and rallied an appreciation for its anti-inflammatory activities in mice and human diseases [2] . IL-27 is predominantly produced by myeloid cell populations including macrophages, inflammatory monocytes, microglia, and dendritic cells (DCs), although plasma cells, endothelial cells, and epithelial cells can also express IL-27 [3] . While the effect of IL-27 on effector T cell subsets and regulatory T cells (Tregs) is well documented, its autocrine function on macrophages is less well understood.
Recent evidence has implicated an important role of macrophages in regulating angiogenesis during steady state and in disorders of aging such as cancers, atheromatous heart disease and blinding diseases such as diabetic retinopathy (DR) [4] [5] [6] [7] [8] [9] . The cardinal feature in the pathophysiology of DR is abnormal angiogenesis in the retinal vasculature [10] . Inflammatory macrophages can contribute to the process of neovascularization in DR by producing a variety of mediators including pro-angiogenic cytokines and growth factors and among these, VEGFA plays a critical role [11] . The mechanisms by which IL-27 affect human macrophage production of VEGFA is unknown. Purinergic signaling by adenosine triphosphate (ATP) and adenosine results in responses by macrophages that regulate VEGFA expression during angiogenesis in retinopathic diseases [12, 13] . In the hypoxic retinal microenvironment in DR the transcription factor HIF-1α is upregulated in retinal endothelial cells for example and this in turn increases the expression of VEGFA to promote angiogenesis for oxygen supply. In addition, high glucose stimulation of rat retinal Müller cells induces HIF-1α and VEGFA expression via the activation of the Calmodulin-dependent kinase II (CaMKII)-CREB pathway [14] . Furthermore, inhibition of macrophages derived from monocytes isolated from synovial fluid of patients with rheumatoid arthritis (RA) by a Ca2+/CaMKII pathway antagonist suppresses VEGFA production and may contribute to the therapeutic efficacy of this treatment in RA patients [15] .
New treatments for DR are focused on neutralization of VEGFA activity in the eye [16, 17] . Although these treatments can significantly reduce the risk of severe vision loss due to complications of angiogenesis they carry significant undesirable effects if used long term. VEGFA inhibitors are delivered directly into the eye and the frequency with which the treatment is carried out can lead to serious ocular adverse events such as infections, hemorrhage and retinal detachments [16, 18] . Therefore, safer approaches that can target this critical angiogenic pathway involved in disease development and progression are needed to address this high unmet medical need. Here we demonstrate that IL-27 affects HIF-1α expression and purinergic signaling in human macrophages resulting in a significant inhibitory effect on VEGFA response in patients with DR. It has recently been demonstrated that IL-27 is significantly reduced in the aqueous humor [19] and serum [20] of DR patients compared to non-diabetic patients. Together our results point to a therapeutic potential of IL-27 in retinopathic diseases.
Material and methods

Human blood samples
Human blood was obtained from Research Blood Components LLC, US. using protocol NEIRB #04-144 and patient informed consent approved by New England Independent Review Board (NEIRB). The protocol is in compliance with all federal, state and local laws pertaining to human research. We acquired DR patient and healthy individual blood samples in pairs from Bioreclamation IVT, US. under patient informed consent, protocol number 05035 in accordance with the Declaration of Helsinki ethical principles for medical research involving human subjects. Activities of Bioreclamation IVT and their collaborators were conducted in accordance with applicable laws, regulations, and ordinances. The study protocols are approved by the Novartis Research Center ethical committee.
DR patient information
Males and females Hispanic or Caucasian patients ranging from 56 to 77 years old who are diagnosed of type 1 or type II diabetes with diabetic retinopathy, diabetic nephropathy and hypertension. Patients are treated with Lantus, Novolog and/or Humolog as well as other medications depending on the individual condition. Sex matched controls are deemed healthy individuals (Hispanic) age between 32 and 54 years old. For our study on DR patient macrophages, patients were diagnosed with diabetes (type I or type II) for a least 10 years.
Media and reagents
Cells were cultured in RPMI 1640 medium with 10% FBS, LGlutamine, Pen-Strep, Non-essential Amino Acids, Sodium Pyruvate, HEPES buffer, and 2-Mercaptoethanol, (all from Life Technologies, US). Recombinant human IL-27 and M-CSF were obtained from R&D Systems, US. Adenosine receptor antagonists 8-(3-Chlorostyryl) caffeine (CSC) and MRS 1754 hydrate as well as ATP and adenosine were obtained from Sigma, US. AZ960 was purchased from Selleckchem, US.
Cell preparation and treatment
Human blood was collected into EDTA-treated tubes. PBMCs were isolated using Ficoll-Paque Plus density centrifugation (500g for 25 min at room temperature without brake). Monocytes were purified using the Monocyte isolation kit II from Miltenyi Biotec, US. Non-monocytes were magnetically labeled using a cocktail of biotin-conjugated antibodies as well as anti-Biotin MicroBeads. Monocytes are enriched by depletion of the magnetically labeled cells through a MACS Separator (Miltenyi Biotec, US). All macrophage cultures were carried out in the presence of human M-CSF (100 ng/ml unless indicated otherwise) with or without recombinant human IL-27 (at 1, 10, 100 ng/ml unless indicated otherwise) for time indicated in the figures. Adenosine receptor antagonists and JAK2 inhibitors were added simultaneously with IL-27.
Enzyme-linked immunosorbent assay (ELISA)
Culture supernatants were harvested and stored at −80°C before used in ELISA. The VEGFA level was measured using VEGF DuoSet development kits (R&D Systems, US) according to the manufacturer's instructions.
RNA isolation and real time-PCR
Macrophages were lysed and mRNA prepared using TurboCapture 96 mRNA kit (Qiagen, US) according to the manufacturer's protocol. mRNA was used directly in cDNA synthesis by High-capacity cDNA reverse Transcription kit (Applied Biosystems, US) according to the manufacturer's protocol. All primer/probe mixtures were obtained from Applied Biosystems. Real-Time PCR reaction was carried out on ViiA 7 (Applied Biosystems, US) with TaqMan Gene Expression Assays using TaqMan Fast Advanced Master mix from Applied Biosystems. β-actin expression was used as internal control.
Adenosine detection by mass spectrometry
Culture supernatant was collected into methanol and stored at −80°C until use. The methanol quenched samples were centrifuged. The supernatants were then transferred to a new Eppendorf tube and dried in vacuum (Savant SPD121P SpeedVac Concentrator, Thermo Scientific, US) at room temperature overnight. The vacuum dried supernatants were reconstituted in 50 µL water with 20 nM C-13 labeled adenosine (Cambridge Isotope Laboratories, US) added as the internal standard. The prepared samples were then analyzed using an LC/MS system of API-6500 QTrap (AB Sciex, US) coupled with a Shimadzu LC pump (LC-20AD) and a CTC auto sampler with DLW wash. For each sample, 4 µL was injected and separated using a SeQuant ZIC-pHILIC column (5 µm, 150 × 2.1 mm, EMD, US) maintained at 40°C. A binary gradient was used for the elution, where mobile phase B is 100% acetonitrile with no additives and mobile phase A is 12 mM ammonium formate and 12 mM formic acid in 1:1 (v/v) mix of water and acetonitrile. ADP and adenosine were monitored from 0.5 to 4.5 min at ESI positive mode and mass transitions 428-> 136 and 268-> 136 respectively.
Western blot
Whole-cell lysates were extracted using RIPA buffer supplemented with protease and phosphatase inhibitors (both from ThermoFisher Scientific, US) according to the manufacturer's protocol. The cell lysate (30 µg of protein) was dissolved in sample buffer (Invitrogen, US) and boiled for 5 min at 100°C. The sample was then separated by Criterion™ TGX™ precast gel electrophoresis and electrotransferred onto nitrocellulose membranes (Bio-Rad, US). The MagicMark™ XP Western Protein Standard (Invitrogen, US) was used as a molecular weight indicator. The membrane was blocked for 1 h using 5% milk in Trisbuffered saline and Tween 20 (TBST). Following three washes with TBST, the membrane was incubated overnight with rabbit anti-human HIF-1α (D2U3T) monoclonal antibody at 1:1000 dilution or anti-human β-actin antibody at 1:1000 dilution (both from Cell Signaling Technology, US). After three washes with TBST, the membrane was incubated with a secondary antibody (anti-rabbit IgG-HRP-linked antibody, at 1:1000 dilution; Cell Signaling Technology, US) for 1 h. The immunoreactive proteins were detected using SuperSignal™ West Femto Maximum sensitivity substrate (ThermoFisher Scientific, US) and imaged on FluorChem M (ProteinSimple, US). The densities of the bands were quantified with Image J software.
Flow cytometry staining and acquisition
Cells were washed (400 g, 5 min at 4°C) with FACS buffer (Mg2 cells per well in RPMI 1640 and stimulated with recombinant human M-CSF (100 ng/mL) alone or in the presence of human recombinant IL-27 (100 ng/ml) alone or JAK2 inhibitor AZ960 (1 µM) alone or both for 30 min. Cells were then labeled with anti-human CD11b APC-eFluor 780 and anti-human CD14 eFluor® 450 plus anti-human pSTAT1 pY701 Alexa Fluor 647 (Cell Signaling, catalog number: 8009S) or rabbit antihuman pJAK2 Y1008 purified (Cell Signaling, catalog number: 8082S) at room temperature for 30 min then washed. Samples labeled with pJAK2 antibody were subsequently incubated with anti-rabbit IgG PE (Cell Signaling, catalog number: 14705S) and washed before acquisition. Data were collected on a BD™ LSRFortessa X-20 flow cytometer (BD Biosciences, US). Analysis of data was carried out using FlowJo software (Treestar, US).
Statistical analysis
Statistical analysis was carried out using one-way or two-way analysis of variance (ANOVA) followed by Tukey's and/or Dunnett's multiple comparison tests. Results with p-values of < 0.05 were considered to be significant. All results are expressed as mean ± S.E.M. * = p ≤ 0.05; ** = p ≤ 0.01; *** = p ≤ 0.001; **** = p ≤ 0.0001
Results
IL-27 concomitantly suppresses VEGFA and HIF-1α expression in human macrophages
Macrophages are a major source of VEGFA driving angiogenesis in the eye [10] . To the best of our knowledge no previous study has investigated the regulatory role of IL-27 in VEGFA production by human macrophages. To examine this we derived human macrophages from multiple individuals by culturing enriched primary human monocytes as described in Methods. We assessed the level of human monocyte enrichment (by FACS using CD11b and CD14 as markers) and determined that a typical enrichment was from 40 to 50% before enrichment to above 90% after enrichment (Fig. S1 ). We found that human macrophages significantly increased VEGFA production upon stimulation with M-CSF (Fig. 1a) . The addition of exogenous IL-27 significantly downregulated the production of VEGFA (Fig. 1b) . Furthermore, IL-27 also suppressed VEGFA mRNA in human macrophages (Fig. 1c) .
Supplementary data associated with this article can be found, in the online version, at https://doi.org/10.1016/j.cyto.2018.07.011. An important mechanism responsible for VEGFA production in human macrophages is the activation of HIF-1α [21] . We first measured the effect of M-CSF on the expression of HIF-1α mRNA in human macrophages. We did not observe an effect (Fig. S2) . We went on to measure the effect of IL-27 on HIF-1α mRNA expression. We found that, similar to VEGFA mRNA, IL-27 significantly suppressed HIF-1αmRNA expression (Fig. 1d) . IL-27 suppresses the heightened VEGFA response in DR patient macrophages. Macrophages from healthy individuals and DR patients were cultured in the presence of M-CSF (100 ng/ml) and (A) VEGFA mRNA expression was measured after 1 day culture. Each data point represents an individual. The effect of IL-27 on VEGFA production by DR patient macrophages was measured after 3 day culture. The data was pooled from 5 DR patients. (B) The effect of an ascending dose of IL-27 on VEGFA and HIF-1α mRNA expression in DR patient macrophages was measured after 1 day culture. The data was pooled from 5 DR patients. (C) Macrophages from DR patients (n = 3) were challenged with IL-1β (100 μg/ml) in the presence of M-CSF (100 ng/ml) with or without IL-27 (100 ng/ml) and VEGFA mRNA and VEGFA protein was measured after 1 day and 3 day culture respectively. (D) The effect of IL-27 on ADORA2b mRNA expression in DR patient macrophages was measured after 3 day culture. The data was pooled from 5 DR patients.
27 on HIF-1α we examined the level of HIF-1α protein in human macrophages cultured with IL-27. We found that, similar to mRNA expression, HIF-1α protein level in human macrophages was also downregulated by IL-27 (Fig. 1e) . To confirm IL-27 signaling in human macrophages we examined mRNA expressions of IL-27 target genes JAK1, JAK2, STAT1, and STAT3. Interestingly, we found that only JAK2 and STAT1 mRNA were significantly increased in human macrophages (Fig. 1f) . We are currently investigating whether this is a specific effect in human macrophages or it also occurs in other human immune cell types. Nonetheless, our results demonstrate that IL-27 signaling occurred and the effect on VEGFA and HIF-1α was not due to a continual M-CSF stimulation. Taken together, IL-27 suppresses VEGFA production by primary human macrophages and this suppression is associated with downregulation of HIF-1α expression.
3.2. Exogenous adenosine or ATP augments HIF-1α expression leading to an increase in VEGFA production and IL-27 suppresses HIF-1α expression thereby reduces VEGFA production
The expression of HIF-1α in cancer cells is regulated by the level of extracellular adenosine [22] . We hypothesize that purinergic signaling of human macrophages by adenosine or ATP augments VEGFA production via the upregulation of HIF-1α. To examine our hypothesis we first added exogenous adenosine or ATP to the culture. Fig. 2a shows that both adenosine and ATP stimulation of human macrophages increased VEGFA production (Fig. 2a) . IL-27 significantly lowered both adenosine-and ATP-induced VEGFA production in human macrophages (Fig. 2a) . To further examine the effect of adenosine and ATP we evaluated VEGFA mRNA expression in human macrophages. We found that in the presence of 100 µM adenosine or ATP there was a significant increase in VEGFA mRNA expression and stimulation of human macrophages with IL-27 significantly suppressed VEGFA mRNA expression (Fig. 2b) . The suppressive effect of IL-27 on adenosine-and ATP-induced VEGFA mRNA expression corroborated well with its effect on HIF-1α mRNA expression in that IL-27 significantly downregulated adenosine-or ATP-induced increase in HIF-1αmRNA expression (Fig. 2c) . Our findings shown here suggest that IL-27 affects the purinergic pathway in human macrophages and as a result IL-27 suppresses VEGFA production by human macrophages.
IL-27 suppresses VEGFA production by inhibiting autocrine purinergic signaling in human macrophages
Upon release ATP is immediately hydrolyzed to adenosine diphosphate (ADP) by membrane bound ectonucleoside triphosphate diphosphohydrolase-1 (CD39, ENTPD1) [23] . ADP undergoes further hydrolysis to form adenosine monophosphate (AMP) and AMP is then catalyzed by ecto-5′-nucleotidase (CD73, NT5E) to form adenosine for purinergic signaling [24] . It has been shown that HIF-1α activation enhances the expression of CD73 [25] . Thus, we hypothesize that upon activation with M-CSF human macrophages produce adenosine for autocrine purinergic signaling to initiate VEGFA production. To test this hypothesis we first added adenosine receptor A2a (8-(3-Chlorostyryl) caffeine) and A2b (MRS 1754 hydrate) antagonists [13, [26] [27] [28] to the culture. We found that antagonizing A2a and A2b inhibited VEGFA production by human macrophages (Fig. 3a) . To examine the effect of IL-27 on this pathway we used mass spectrometry to determine the level of ADP and adenosine in human macrophage cultures. We found that IL-27 significantly suppressed ADP and adenosine levels in human macrophage cultures (Fig. 3b) . Using FACS we confirmed the downregulation of CD73 expression on human macrophages following 1 day and 3 days culture with IL-27 (Fig. 3c) . These results suggest that IL-27 controls VEGFA response by regulating autocrine purinergic signaling in human macrophages. To further examine our hypothesis, we analyzed the effect of IL-27 on the expression of NT5E mRNA in human macrophages. Fig. 3d shows IL-27 suppressed the expression of NT5E mRNA in human macrophages. In addition, we also analyzed the effect of IL-27 on adenosine receptor A2b expression in human macrophages and show that IL-27 significantly affected A2b expression in human macrophages (Fig. 3e) . Interestingly, it has been shown that adenosine binding to receptor A2b mediates VEGFA production and chemical inhibition of A2b signaling downregulates VEGFA production and ameliorates ocular inflammation in the rat model of streptozotocin-induced DR [27] .
Collectively, our findings demonstrate that IL-27 can suppress the production of VEGFA from human macrophages by reducing HIF-1α expression. This in turn downregulates CD73 expression and lowers extracellular adenosine resulting in a disruption of the positive feedback loop for VEGFA production in human macrophages. Interestingly, in has been demonstrated that the level of CD39 expression by human monocyte derived macrophages was controlled by the in vitro autocrine effect of IL-27 [29] .
3.4. Antagonizing IL-27 signaling molecule JAK2 in human macrophages reverses the suppressive effect on HIF-1α and VEGFA To examine the dependency on IL-27 signaling in the regulation of VEGFA response in human macrophages we used a high affinity JAK2 antagonist AZ960 [30] [31] [32] . We also measured the expression of STAT1 which is a transcription factor downstream of JAK2 that is also activated by IL-27 signaling in human monocytes [33] . Fig. 4a shows that AZ960 suppressed IL-27 driven JAK2 and STAT1 mRNA expression in human macrophages. To further confirm the inhibitory effect of AZ960 on IL-27 signaling we used phospho-flow cytometry to demonstrate that IL-27-induced JAK2 and STAT1 phosphorylation in human macrophages was downregulated by AZ960 (Fig. S3) . We next examined the effect of AZ960 on HIF-1α and VEGFA mRNA expression. Fig. 4b shows a reversal of the suppressive effect of IL-27 on HIF-1α mRNA and a partial reversal of the suppressive effect of IL-27 on VEGFA mRNA expression. This was recapitulated in the expression HIF-1α (Fig. 4c) and VEGFA proteins (Fig. 4d) . These results further demonstrate that IL-27 downregulates VEGFA production by human macrophages via reducing HIF-1α expression. Interestingly, the suppressive effect of IL-27 on NT5E mRNA was also reversed by AZ960 (Fig. S4) suggesting that IL-27 may regulate purinergic signaling as well as HIF-1α expression in human macrophages.
IL-27 suppresses VEGFA response in DR patient macrophages
VEGFA stimulates the production of new blood vessels in the retina and it is an important factor for the development of DR in humans. Patients suffering from DR have high levels of VEGFA in the periphery and in the vitreous humor [34, 35] . We hypothesize that macrophages from patients with DR have a higher VEGFA response. Fig. 5a shows that human macrophages from DR patients express a higher level of VEGFA mRNA compared to healthy individuals. IL-27 significantly suppressed VEGFA production by DR patient macrophages in day 3 culture. DR macrophages are not deficient in IL-27 expression compared to their healthy control counterparts (Fig. S5) . IL-27 also suppressed VEGFA and HIF-1α mRNA expression in DR patient macrophages (Fig. 5b) . A number of pro-inflammatory cytokines are consistently elevated in the vitreous humor of DR patients [36, 37] . These pro-inflammatory cytokines propagate and maintain inflammation in the eye. The inflammatory cytokine IL-1β has been shown to activate macrophages as well as retinal pigment epithelial cells [38, 39] . Thus, to simulate an inflammatory condition and to investigate the effect of IL-27 on VEGFA production in an inflammatory condition we added exogenous IL-1β to the culture with DR patient macrophages. Fig. 5c shows that activation of DR patient macrophages with IL-1β (100 μg/ml) increased the expression of VEGFA mRNA and the production of VEGFA after 3 day culture. IL-27 suppressed VEGFA production even under IL-1β stimulation which suggests that IL-27 has the potential for clinical application. Finally, to examine the relationship between the effect of IL-27 on VEGFA production and adenosine signaling we measured adenosine receptor ADORA2b mRNA levels in DR patient macrophages after IL-27 stimulation. Fig. 5d shows that IL-27 suppressed the ADORA2b mRNA expression in DR patient macrophages. These findings suggest that IL-27 can control purinergic signaling and therefore regulate VEGFA response in DR patient macrophages.
Discussion
Here we demonstrate IL-27 controls VEGFA response by regulating HIF-1α and the purinergic pathway in human macrophages. IL-27 downregulates HIF-1α and reduces CD73 expression on human macrophages leading to a decrease in extracellular adenosine. IL-27 also downregulates ADORA2b mRNA expression further reducing the potential for purinergic signaling and subsequent HIF-1α activation in human macrophages. This effect is dependent on IL-27 as blockade of IL-27 signaling by JAK2 and STAT1 antagonism reduces the suppressive effect on VEGFA. In study of cancers, a number of reports have shown that STAT1 repressed HIF-1α activation which led to downregulation of HIF-1α target genes [40, 41] . Using chromatin immunoprecipitation analyses one study demonstrated that STAT1 bound to HIF-1α and consequently dissociated HIF-1α complex from the hypoxia response element (HRE) promoter thereby rendering HIF-1α transcription inactive [41] . There could be a similar mechanism in which IL-27-induced STAT1 antagonizes HIF-1α activity and this negatively affects the purinergic pathway in human macrophages. This then results in a suppression of VEGFA expression in human macrophages. We are currently investigating these mechanisms. To the best of our knowledge, this is the first demonstration of the ability of IL-27 to control VEGFA expression in human macrophages. However, our studies are in vitro studies and the effect of IL-27 in vivo in healthy and in a disease setting is to be determined.
Diabetes is a lifelong progressive disease resulting from the body's inability to produce or utilize insulin to break down glucose in the circulation. The sustained hyperglycemia in diabetes induces inflammation in blood vessels throughout the body, including the eye. In the eye, chronic end organ damage is manifested as DR, the leading cause of blindness in adults of working age. The pathophysiology of DR is characterized by many features typical of inflammation. These include increased blood flow and vascular permeability, neovascularization [42] , microglial cell activation [43, 44] and increased expression of inflammatory mediators, including VEGFA [45, 46] . VEGFA promotes retinal neovascularization [47] , vascular permeability [48] , and leukostasis [49] . It is thought that these soluble inflammatory mediators are secreted by immune cells like macrophages that invade the eye during the development of DR. Many studies have implicated immune cell infiltrates in promoting the pathogenesis of DR. Macrophages are found to be elevated in the vitreous humor of diabetic patients [50] . Also, macrophages are found in membranes surgically removed from diabetics [51] . In murine models of choroidal neovascularization (CNV) and oxygen-induced retinopathy (OIR), mice depleted of macrophages with intravitreous injections of clodronate liposomes had decreased ocular angiogenesis [52] [53] [54] . These findings support a pro-angiogenic role for macrophages in the eye. Also, mice lacking a key macrophage recruitment chemokine (CCL-2) develop spontaneous CNV [55] . Interestingly, treatment of CNV mice with IL-27 suppresses retinal CNV size [56] . To examine a potential therapeutic application of IL-27 in humans we first investigated the expression of VEGFA mRNA in macrophages from healthy individuals and patients with DR. We show that macrophages from DR patients spontaneously express a higher level of VEGFA mRNA. This increase in VEGFA response by DR patient macrophages is exacerbated when the macrophages are challenged with a pro-inflammatory stimulus IL-1β. The robust VEGFA response by DR patient macrophages maybe due to a higher expression of the adenosine receptor A2b which allows cells to respond to adenosine stimulation more readily compared to their healthy counterparts. IL-27 suppresses VEGFA production by DR patient macrophages via reducing HIF-1α and downregulating adenosine receptor A2b expression.
In summary, we demonstrate that IL-27 can regulate VEGFA production in human macrophages. We provide evidence to support a mechanism in which IL-27 signaling regulates the expression of HIF-1α and thereby affects purinergic signaling resulting in a disruption of the positive feedback loop that drives VEGFA production in human macrophages. Lastly, IL-27 is effective in suppressing VEGFA response in DR patient macrophages. Our novel findings shed new light on a previously unappreciated function of IL-27 and may potentially open a new avenue for IL-27 and other protein therapeutics to treat ophthalmic diseases such as diabetic retinopathy.
